Post-release survival rates and welfare of rehabilitated vervet monkeys in Malawi by Angley, Laura Patricia
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2021
Post-release survival rates and





GRADUATE SCHOOL OF ARTS AND SCIENCES 
Thesis 
POST-RELEASE SURVIVAL RATES AND WELFARE OF 
REHABILITATED VERVET MONKEYS IN MALAWI 
by 
LAURA PATRICIA ANGLEY 
B.A., Providence College, 2017
Submitted in partial fulfillment of the 
requirements for the degree of 
Master of Science 
2021 
© 2021  by 
LAURA PATRICIA ANGLEY 
All rights reserved 
Approved by 
First Reader 
Christopher Schmitt, Ph.D. 
Assistant Professor of Anthropology & Biology 
Second Reader 
Cheryl Knott, Ph.D. 
Professor of Anthropology & Biology 
iv 
ACKNOWLEDGMENTS 
There are many people that helped make this thesis possible, despite the many 
unexpected challenges of 2020. First, I would like to thank my advisor Dr. Christopher 
Schmitt, who has guided me through this process from day one. Your endless support and 
thoughtful consideration of my ideas and interests allowed this thesis to be truly my own. 
Even though global travel restrictions threw an unexpected wrench in my original plan, 
your optimism never faltered, which is exactly what I needed to help me push through. 
You have been an excellent mentor and I am so grateful to have had the opportunity to 
learn from you over these past two years. 
Next, I would like to thank everyone involved with the Lilongwe Wildlife Trust 
for their hard work and dedication to wildlife conservation and rehabilitation. I would 
like to extend a very special thank-you to Amanda Lee Salb, Olivia Sievert, and Amanda 
Harwood from the Lilongwe Wildlife Centre who collected the 2016 data, provided ideas 
and recommendations, and showed great enthusiasm for this project. It has been an 
absolute pleasure collaborating with the Lilongwe Wildlife Trust and I hope to visit the 
Lilongwe Wildlife Centre one day! 
I would like to thank everyone in the SMAGL lab for your kindness and support 
and Nick Mikulski for his hard work learning how to run social network analyses. 
Lastly, I would like to thank all of those closest to me. Mom, Dad, Grandma, 
Katie, Liz and Austin, you have been a support system I could always count on. I would 
not have made it this far without you all by my side, cheering me on every step of the 
way. 
v 
POST-RELEASE SURVIVAL RATES AND WELFARE OF REHABILITATED 
VERVET MONKEYS IN MALAWI 
LAURA PATRICIA ANGLEY 
ABSTRACT 
Rehabilitation-release is a form of species reintroduction where sick, injured, or 
rescued animals are rehabilitated before release back into the wild. Published research on 
rehabilitation releases of rehabilitant non-human primates is limited, and released troop 
mortality rates are generally high or difficult to determine. The objective of this study 
was to add to the limited scientific literature on primate rehabilitation and release by 
investigating factors affecting survival rates and welfare of a rehabilitant troop of vervet 
monkeys (Chlorocebus pygerythrus rufoviridis) released in Malawi in 2016, using pre-
existing datasets from the Lilongwe Wildlife Trust. I hypothesized that 1) higher social 
rank, more complete forest strata use, close proximity to troop members, and frequent 
predator vigilance would be associated with greater survival, and 2) rank stability/ group 
cohesion will be strong post-release, activity budgets will show low levels of stress-
related behaviors, and behavioral diversity will increase post-release, suggesting welfare 
improvements.  
The Lilongwe Wildlife Trust troop had a survival rate of 36%, which is 
comparable to other vervet releases. Using a combination of linear modeling, survival 
analysis, and preliminary social network analysis, I found that being a juvenile, being 
more highly ranked, and being in close proximity to others was significantly associated 
with lower risk of death – but these results were not consistent and should be considered 
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with caution. Contrary to predictions, forest strata use did not differ greatly across 
individuals despite differences in survival. Interestingly, the troop’s mean hourly count of 
predator vigilance decreased post-release, but this did not influence individual survival. 
In support of my predictions, the troop’s dominance hierarchy appeared stable post-
release, group cohesion was strong, and activity budgets showed low levels of stress-
related behaviors. However, mean behavioral diversity across individuals decreased post-
release, contrary to predictions. 
 These findings suggest that vervet dominance hierarchy, age, and social proximity 
may influence post-release survival with higher ranking individuals, juveniles, and highly 
socially connected individuals more likely to survive. Juveniles may be more ecologically 
adaptable than adults and so better able to survive in a new habitat. Lower ranked 
individuals, as well as those with low social connectedness, may be more disconnected 
from the troop while traveling or foraging, placing them at a higher risk of predation but 
more research is needed to confirm this. Decreased behavioral diversity post-release may 
have been caused by an increase in foraging and troop movement and generalized 
behavior categorization may have limited the accuracy of behavioral diversity 
measurements.  
Future studies that wish to use behavioral diversity to assess welfare should use 
highly specific ethograms to capture unique behaviors. Release troops may also benefit 
from pre-release feeding regimes, such as platform feeders, that encourage more 
complete canopy use as well as more time at the release site prior to the start of the rainy 
season. Predator-awareness training is highly recommended to strengthen anti-predator 
vii 
behaviors, especially if the troop has any wild individuals. Finally, the Lilongwe Wildlife 
Trust’s extensive pre- and post-release monitoring provides vital insight into the troop’s 
social dynamics, behavioral repertories, and overall survival. Other rehabilitation centers 
should follow this strategy, since all newly monitored and reported releases will add 
valuable information to the development of the vervet monkey rehabilitation and release 
program. 
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As humans and non-human primates come into increasing contact with one 
another due to habitat destruction (Cheyne, 2009), human-wildlife conflict (Grober et al., 
2006) and illegal wildlife trafficking (Guy & Curnoe, 2013), some conservation strategies 
have transitioned from the protection of wild habitats to a more hands-on rehabilitation-
release approach. This process can be complex but aids in re-establishing local 
populations in less-impacted areas. 
Relocating rare, threatened, or endangered animal species within their historic 
range is a popular strategy in wildlife conservation (Fischer & Lindenmayer, 2000; 
Griffith et al., 1989; Kleiman, 1989; Wolf et al., 1996). The International Union for the 
Conservation of Nature (IUCN) refers to this practice as “translocation” and defines it as 
the “human-mediated movement of living organisms from one area, with release in 
another” in their Guidelines for Reintroductions and Other Conservation Translocations 
(IUCN/ SSC, 2013). More specifically, translocation is commonly used to describe the 
transfer of wild animals from one area to another within their native range (Kleiman, 
1989). For example, translocations may be used to transfer animals from degrading 
natural habitat to areas of viable habitat within their range (Kleiman, 1989). Even though 
intentional translocations can be motivated by a variety of factors, including population 
management, welfare improvements, and commercial interests, the IUCN guidelines 
primarily focus on conservation translocations, where the species involved are of high 




specifically, these guidelines generalize across all primate species or great apes only 
(Baker, 2002; Beck et al., 2007). 
Reintroduction is another common practice and fits under the umbrella term of 
“translocation” (IUCN, 1987). It is defined as the release of wild or captive-born animals 
of any origin back into their historic geographic range where local extinction or large 
population decline may have occurred (Baker, 2002; Fischer & Lindenmayer, 2000; 
Kleiman, 1989). The reintroduction of a small captive-bred herd of American bison to 
Oklahoma in 1907 helped restore population numbers and pioneered conservation-based 
reintroduction programs (Kleiman, 1989; Steenweg et al., 2016). The reintroduction of 
the golden lion tamarin in South America, dating back 30 years, is another conservation 
success story that helped save wild populations from extinction (Kierulff et al., 2012). 
Threatened wild populations were translocated to protected areas and captive-born 
individuals were trained to forage optimally before release using puzzle feeders 
(Kleiman, 1989).  
Translocation with reintroduction is a complex process that requires a lot of 
planning and consideration. Objectives and goals must be explicitly outlined, financial 
limitations must be addressed, release sites must be appropriate, post-release monitoring 
must be completed, and the proper methodology must be used (Baker, 2000; Beck et al. 
2007). Due to these complex requirements, that must be carefully catered to the species 
involved, the process can be very challenging and expensive, and success is never 
guaranteed (Kleiman, 1989; Lindburg, 1992). Reports released in the 80s and 90s 




improvement, including rigorous planning, frequent monitoring, and quick dissemination 
of results (Fischer & Lindenmayer, 2000; Griffith et al., 1989; Kleiman, 1989; Wolf et 
al., 1996). Greater success in more recent reintroductions is a positive outcome for 
conservationists but does not undermine the need for continued evaluations and 
procedure improvements of such practices (Armstrong & Seddon, 2008; Beck, 2016; 
Seddon, 1999). 
 Rehabilitation release is a specific type of reintroduction that involves the release 
of wild-born, captive-raised and/or captive-born individuals into their species’ historic 
range in an attempt to re-establish local populations (Cheyne, 2009). Criteria for 
determining success often includes the establishment of a self-sustaining population in a 
suitable habitat (Cheyne, 2009; Griffith et al., 1989). Rehabilitation release can be 
conservation-focused, such as zoo-based breeding programs (Guy & Curnoe, 2013); 
however, it is more commonly motivated by welfare concerns rather than conservation 
goals and is therefore not a main focus of the IUCN Guidelines for Reintroductions 
(Baker, 2002; Beck et al., 2007; IUCN/ SSC, 2013). Welfare-focused release projects 
primarily involve animals displaced by habitat destruction, confiscated pets from the 
illegal wildlife trade, or orphaned young (Cowlishaw & Dunbar, 2000; Guy & Curnoe, 
2013). The rehabilitation stage typically involves any necessary veterinary care to treat 
injuries or physical disabilities and species-specific preparatory training to re-establish 
natural skills and behaviors needed for survival in the wild, such as predator avoidance, 
foraging, and navigation (Beck et al., 2007; Cowlishaw & Dunbar, 2000; Kleiman, 1989). 




avoid unnecessary stress or reliance on humans once released (Baker, 2002). A release 
can either be classified as a ‘soft-release’ or ‘hard-release’. Animals involved in soft-
releases are housed in an enclosure at the chosen site to provide a safe adjustment period 
in their new environment. Supplemental food provisions and predator protection are also 
sometimes included in a soft-release (Baker, 2002; Beck et al., 2007). Animals involved 
in hard-release aren’t given post-release support and are immediately released upon 
arrival at the chosen site (Baker, 2002; Beck et al., 2007).  
Rehabilitation release programs are applicable to most species but are more 
complex, longer, and therefore more expensive, for highly social species that learn from 
conspecifics, such as primates (Cheyne, 2009). Therefore, these programs require 
extensive planning, appropriate habitat selection for release, and clear justification for 
human intervention. Long-term, post-release monitoring of behavioral and ecological 
observations is crucial for evaluating survival rates, social interactions, welfare changes, 
and ultimately the program’s success (Beck et al., 2007; Cheyne, 2009; Seddon, 1999). It 
is considered an essential step in any rehabilitation program by the IUCN Re-introduction 
Specialist Group (IUCN/ SSC, 2013). Even so, deciding on an “acceptable” mortality rate 
threshold that allows for the release to be considered a success is another difficult 
decision that varies by species. For example, a release could have a mortality rate as high 
as 90% but considered a success if breeding occurred after release and the surviving 
individuals live independently from humans (Wimberger et al., 2010).  
 International Wildlife Rehabilitation Council (IWRC) and National Wildlife 




document for rehabilitation release, including guidelines for animal care and release 
preparation, in an effort to increase post-release survival rates (Miller, 2012). The 
guidelines cover everything from animal intake procedures, to veterinary check-ups, to 
release events (Miller, 2012). Despite guidelines such as these, minimum standards are 
still not universal across all rehabilitation centers and inadequate record keeping, for 
example, makes it very hard to assess the failures and successes of rehabilitation releases 
(Miller, 2012; Wimberger et al., 2010).   
 One of the most important steps for ensuring a successful release is the selection 
of an appropriate habitat that provides rehabilitants with sufficient food sources 
(Armstrong & Seddon, 2008), offers protection from human-threats, such as logging 
(Cheyne, 2009; Farmer & Courage, 2008) and is large enough to support population 
growth (Baker, 2002; Beck et al., 2007). In addition, it’s important to consider a potential 
loss of or reduction in behaviors, such as antipredator or foraging behaviors, among 
captive animals who no longer require these skills for survival. Therefore, pre-release 
training should be incorporated into program regimes whenever possible (Wimberger et 
al., 2010). Such preparations include training rehabilitants to forage efficiently, move 
across a variety of spatial structures, and respond appropriately to predators (man-made 
replicas recommended) (Beck et al., 1991; Griffin et al., 2000). If ignored, this could 
drastically reduce the likelihood of survival and threaten the success of the release 
program (Donaldson, 2017).  
Many animals that enter into rehabilitation centers are confiscated from wildlife 




conservationists and poses a serious threat to the survival and welfare of threatened and 
endangered species across the globe (Cheyne, 2009; Donaldson, 2017; Farmer & 
Courage, 2008). In addition, illegal logging and other anthropogenic disturbances caused 
by expanding human settlements can lead to an influx of orphaned and displaced animals 
(Cowlishaw & Dunbar, 2000; Peterson & Annamm, 2003). Young primates, such as 
gorillas (Farmer & Courage, 2008), gibbons (Cheyne, 2009), and vervet monkeys 
(Grobler et al., 2006), are especially susceptible to the illegal pet trade but are often 
discarded once they grow too large to manage and reach sexual maturity. In some 
countries, poor law enforcement allows the illegal pet trade to remain a lucrative market 
despite wildlife laws (Cheyne, 2009; Farmer & Courage, 2008).  
 In an effort to combat the negative effects of wildlife trafficking and habitat 
destruction, there’s been an increase in sanctuaries and rehabilitation centers providing 
support to animals in need and as a result, rehabilitation releases are on the rise (Farmer 
& Courage, 2008). Flagship species can also act as wildlife ambassadors to help raise 
public awareness and bring in funds necessary to establish semi-natural release habitats 
(Cheyne, 2009) . Many primate species confiscated from traffickers or displaced by 
habitat destruction end up in rehabilitation centers and are deemed appropriate candidates 
for release (Cheyne, 2009; Farmer & Courage, 2008; Guy & Curnoe, 2013). 
 
Rehabilitation/Release in Vervet Monkeys 
Primates frequently enter rehabilitation centers due to human-conflict related 




susceptible to this since they are broadly disturbed throughout Africa and are commonly 
viewed as agricultural pests or vermin by humans (Estes, 1992; Grobler et al., 2006). 
Common incidents that lead to vervet admittance into rehabilitation centers include 
poisoning, car accidents, shooting, and domestic pet attacks (Guy et al., 2011; Guy & 
Curnoe, 2013). Viewed as both pest and pet, vervet monkeys flood into rehabilitation 
centers, are housed together in artificial troops, and prepared for release back into the 
wild (Grobler et al., 2006; Guy & Curnoe, 2013). Vervet monkeys are classified as ‘Least 
Concern’ on the IUCN Red List (IUCN 2019) so these release programs are driven by 
welfare considerations rather than conservation concerns. Since the IUCN Guidelines for 
Reintroductions focus primarily on conservation translocations and are generalized to all 
primate species, species-specific guidelines for primate rehabilitation is generally lacking 
(Guy & Curnoe, 2013). 
The ultimate goal of rehabilitation releases of this nature is to return the animals 
back to their natural habitat and improve their overall welfare. It’s imperative that the 
release actively improves or maintains the welfare of the animals involved, while 
minimizing unnecessary stress, otherwise the continuation of such releases should be 
strongly questioned (Goossens et al., 2005). Oftentimes, increased human exposure and 
handling in a captive-setting can cause high levels of stress for animals, especially in 
smaller prey species (Barja et al., 2007) like vervet monkeys. Young primates trapped, 
confined, and transported to various locations within the pet-trade are also susceptible to 
high levels of stress. Natural stress in wild populations play an important role in these 




stress, however, can cause detrimental effects such as reductions in fecundity, cognition, 
and immune response (Muehlenbein et al., 2012). The natural release of cortisol during 
stressful events helps the body recover (Behie et al., 2010), and can be quantified by 
measuring hormone levels, specifically fecal glucocorticoid concentrations (FGCs), like 
cortisol (Keay et al. 2006; Shutt et al., 2014). Animals’ cortisol levels respond to social 
stressors within their community as well as ecological factors in their habitats, such as 
season and food variability. The use of this non-invasive technique has received 
extensive consideration by researchers since it eliminates the need to capture or handle 
any animals directly, thus minimizing further unnecessary stress (Maréchal et al., 2011).  
Despite its promising qualities, using FGCs as a sole indicator of stress in wildlife 
has its limitations and can be difficult to interpret (Busch & Hayward, 2009; Touma & 
Palme, 2005). An alternative approach most commonly used with captive animals is the 
use of behavioral diversity as an indicator of stress and welfare. It’s suggested that a 
diverse behavioral repertoire, which reflects species-specific behaviors, indicates good 
welfare (Swaisgood & Shepherdson, 2005). Alternatively, those with low levels of 
behavioral diversity usually exhibit stereotypical tendencies or show above average 
lethargy, thus suggesting poor welfare (Mason & Latham, 2004). This method could also 
be applied to rehabilitated vervet monkey populations post-release, since low behavioral 
diversity in their natural habitat could be indicative of higher levels of stress while also 
reflecting suboptimal engagements with their social and ecological environments that 




stress and welfare would also be a lower-cost alternative to fecal sample collection and 
processing (Miller et al., 2016).  
Published research on rehabilitation releases of vervet monkeys are limited to 
only six studies, five of which were conducted in South Africa (Guy, 2013; Guy et al., 
2011, 2012a, 2012b; Wimberger et al., 2010) and one in Kenya (Donaldson, 2017). The 
success of re-release programs in rehabilitated vervet monkeys is determined by 
recording survival rates and observing species-specific behaviors such as foraging on 
natural vegetation, playing and grooming with conspecifics, troop establishment in the 
designated area, independence from humans, and predator vigilance (Guy et al. 2011; 
Wimberger et al. 2010). In these studies, released troop mortality rates are high or large 
numbers of individuals couldn’t be accounted for, making it difficult to properly assess 
the outcome. Overall, efforts at reintroduction have been deemed unsuccessful or only 
partially successful. Issues with group composition, social cohesion, appropriate predator 
behaviors, illegal hunting, and unsuitable habitat selection are cited as potential causes 
(Guy et al. 2013; Guy et al. 2011, 2012b; Wimberger et al. 2010). Although Guy et al. 
(2011, 2012a) observed released individuals engaging in natural behaviors seen in wild 
vervets, these were informal observations that lacked quantitative rigor. None of these 
studies conducted behavioral observations or monitored troop dynamics during the pre-
release stage and with the exception of Wimberger et al. (2010), long-term post-release 
monitoring was generally lacking.  
The study of the rehabilitation release of a troop of vervet monkeys (Chlorocebus 




(Donaldson, 2017). The rehabilitant troop was monitored for 2 months pre- release and 
18 months post-release. In addition, extensive behavioral and ecological data were 
collected from two habituated control groups over a 24-month period to provide 
comparable datasets from wild populations. The survival rate after 18-months post-
release was 66.6% and released individuals displayed a range of species-specific 
behaviors, therefore the release was labeled a success (Donaldson, 2017). In addition, 
after 4 years, one wild born female was pregnant, suggesting the troop will become sulf-
sustaining. This study provides evidence that with proper planning and long-term 
monitoring, rehabilitated troops of vervet monkeys can successful be released back into 
the wild.  
The overall objective of this study is to add to the limited scientific literature on 
vervet rehabiliation and release by investigating specific factors affecting survival rates 
and welfare of a released troop in Malawi, Africa in 2016 using pre-existing datasets. In 
an effort to identify which factors most strongly influence survival rates, I will analyze 
group dynamics, social ranking and hierarchy, forest strata use, and predator vigilance. In 
order to assess welfare pre- and post-release, I will analyze rank stability, activity 
budgets, and behavioral diversity using the Shannon Diversity Index (Shannon & Weaver 
1949). I hypothesize that 1) higher social rank, more complete strata use, close proximity 
to troop members, and frequent predator vigilance will be associated with survival, and 2) 
rank stability/group cohesion will be strong post-release, activity budgets will show low 
levels of stress-related behaviors, and behavioral diversity will increase post-release, 






Study species: Vervet monkeys 
Vervet monkeys are a semi-terrestrial, opportunistically omnivorous primate with 
a native range that covers most of sub-Saharan Africa (Enstam & Isbell, 2007; Estes, 
1992). Previously listed under the genus Cercopithecus (Struhsaker, 1967b) this 
taxonomic designation has changed to Chlorocebus in recent years (Groves, 2001). 
Morphological, behavioral, and genetic analyses have led to further identification of 
multiple species and subspecies of vervet monkeys throughout Africa (Struhsaker, 1967b; 
Turner et al., 2019). The vervet monkeys in this study are Chlorocebus pygerythrus 
rufoviridis, which range from southern Uganda, through Malawi, and into northern 
Mozambique (IUCN Red List 2019).  
Vervets are very adaptable exploiters of anthropogenic habitats, often found 
feeding on urban and suburban human resources (Fourie et al., 2015). They live in multi-
male, multi-female groups of about 20-30 individuals (Struhsaker 1967b). Adult males 
form a linear dominance hierarchy determined through competition and aggression and 
young males emigrate at sexual maturity (Cheney, 1983; Raleigh & McGuire, 1989). 
Since females are philopatric and remain in their natal group, the troop is comprised of 
related females and their offspring (Enstam & Isbell, 2007; Kingdon & Largen, 1997) . 
Females have a cross-generational dominance hierarchy where the daughter’s rank is 
predetermined by her mother’s (Fairbanks & Mcguire, 1986). Females form alliances 
against males (Andelman, 1985) and help protect young from male aggressors (Kingdon 




Vervets are at extremely high risk of predation due to their small size and 
terrestrial lifestyle (Struhsaker 1967b). The most common natural predators throughout 
their range include eagles (e.g. Polemaetus bellicosus), leopards (Panthera sp.), snakes 
(e.g. Bitis arietan), and baboons (Papio sp.). Studies show vervets alarm calls vary 
according to suspected predation risk. For example, raptor-specific alarm calls were 
acoustically unique from terrestrial predator-specific alarm calls (Seyfarth et al., 1980; 
Struhsaker, 1967a). Furthermore, vervets immediate antipredator response corresponds to 
the specific call, such as seeking refuge from leopards by moving to higher canopies or 
from eagles by moving closer to the ground (Donaldson, 2017; Seyfarth et al., 1980; 
Struhsaker 1967a & c). They way in which vervets utilize their landscape is also affected 
by the presence of predators where areas of high perceived predation risk are commonly 
avoided (Willems & Hill, 2009). 
 
Study Site: Lilongwe Wildlife Center 
The data in this study was collected by researchers and volunteers at the Lilongwe 
Wildlife Centre (LWC) in Malawi, Africa. The center, run by the Lilongwe Wildlife 
Trust (LWT), is located in the urban capital, Lilongwe, and is Malawi’s only accredited 
wildlife rescue and rehabilitation center for injured and orphaned wildlife. It rescues a 
variety of species and is home to as many as 150 Malawian primates, including yellow 
baboons (Papio cynocephalus), blue monkeys (Cercopithecus mitis), and vervet monkeys 
(Chlorocebus pygerythrus rufoviridis). Most of the animals housed at LWC are victims 




IUCN’s reintroduction guidelines, LWT established the Primate Release Program in 
order to improve the welfare of primates housed at the center by returning them back to 
their natural habitat using a controlled reintroduction process. To date, LWC has released 
2 troops of yellow baboons and 4 troops of vervet monkeys. See Appendix 2 for a full 
release report by LWT for the 2016 release. 
 
Study Troop  
The vervet monkey release from 2016 is the focus of this study since it includes 
the most extensive and complete data collection pre- and post-release. The initial troop 
was comprised of 22 individuals in total (7 males, 15 females) ranging in age from adult 
to infant (Table 1). It is unknown whether the three infants, Red, Skittles, and Mya were 
born at LWC prior to the start of pre-release data collection or if they were born shortly 
after their mother’s arrival. For the remaining individuals, the exact cause for their 
presence at the rehabilitation center is also unknown; however, most of vervets at LWC 
are confiscated from the illegal wildlife trade so this is most likely the cause. 
The troop was slowly formed over the course of a few years. Once stable, they 
were housed together in a 0.5 ha open-top enclosure at LWC at the start of the 9-month 
rehabilitation stage from June 2015 through February 2016. Batman, an adult male, is the 
only individual who wasn’t brought to the center for rehabilitation as he is a wild male 
from the forests around the LWC who jumped into the enclosure and remained for the 
duration of the pre-release stage. The enclosure was filled with natural vegetation in order 




awareness testing protocol where rehabilitants are exposed to model snakes and leopards 
and their responses are monitored. However, concerns with poor inter-observer reliability 
and protocol execution deemed this testing unreliable and was therefore not used on this 
troop during rehabilitation. Except for cases of extreme injury, scheduled health 
assessments, and daily feeding, all human presence was minimized to prevent reliance on 
humans. Troop members were approved for release based on health condition, social 
interactions, and foraging behavior criteria.  
Two infants, Mathilda (to Boo) and Baboo (to Amy), were born at LWC right 
before release and four infants, Tailer (to Tinker), Yam (to Amy), and 2 who remained 
unnamed (to Big Mama and Alex) were born in the wild after release. After 9-months of 
pre-release rehabilitation, the 3 infants, Red, Skittles, and Mya, were classified as young 
juveniles post-release since they were now over a year old. Jack and Bart, 2 subadult 
males for the first few months of pre-release, grew and were classified as adults for the 
remainder of the study period. The team at LWC decided not to release Batman with the 
rest of the troop since wild male immigrants had historically caused problems in previous 
releases. It was determined that this would not be detrimental to the overall social 
dynamic of the troop. With the addition of 2 new infants and the removal of Batman from 
the troop, the official released troop was comprised of 22 individuals (7 males, 15 






The troop was transported to the release site on March 1st. The release site was 
located about 175 km north of Lilongwe in Kasungu National Park (KNP) near the site of 
LWC’s 2013 yellow baboon release (Figure 1). This area was deemed appropriate for the 
release due its sufficient food and sleep site availability, minimal wild troops inhabiting 
the area, and low human presence. The nearby Lingadzi River Dambos, grassy river 
channels, provided permanent water sources near the site during the dry season, which 
begins around May in Malawi.  
  Prior to release, 5 adult females and 3 adult males were fitted with VHF (very 
high frequency) radio tracking collars. Only adults were fitted with collars due to 
minimum body weight requirements of the equipment. This release was classified as a 
‘soft-release’ and included a 2-week adjustment period at the release site in a 25m (l) x 
15m (w) x 2m (h) enclosure from March 1st to 17h. There were no reported social 
conflicts, injuries, or elevated stress behaviors during this period so the adjustment was 
deemed successful.  
 In addition to the pre-release enclosure, this ‘soft-release’ procedure included 
supplementary food provisions during the first 2 months, which were reduced over time. 
The troop was monitored every day for the first 4 months but weekly observations 
decreased by 1 day each following month. A daily troop count was taken in the morning 
and visual body condition assessments were conducted every 2 weeks. The post-release 
monitoring stage lasted a total of 9 months. The troop was informally observed one 
month later and any additional disappearances were recorded. 
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Table 1 List of all individuals involved in the study grouped by age with number of 
focal and ad-libitum observations conducted by LWT for each individual. Final 
survival status was determined at the end of all formal and informal observations, 10 
months post-release. 
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Figure 1 Map of Malawi showing Lilongwe and Kasungu National Park, the location 





Data collection began on March 18th and was conducted between the approximate 
hours of 9:00 AM and 5:00 PM daily. During both the pre- and post-release stage, 
behavioral, social, and proximity data was collected for each adult, subadult, and juvenile 
using focal, ad-libitum, and one-zero sampling periods simultaneously. The project was 
run by three primary researchers. Each individual was observed approximately 4 times 
per week (16 times/month) by 2 observers concurrently. There was a total of 33 unique 
observers throughout the pre-release stage and 12 unique observers during the post-
release stage. An ethogram (Table A1) was created and used among researchers and 
volunteers at LWC to ensure inter-observer reliability. All behaviors were categorized 
under “social”, “feed”, “dominance”, “stress”, “human”, or “other”.  
Focal Sampling: all “event” behaviors were recorded at 1-minute intervals for 20-
minutes without any recorded duration. In some instances, 2 behaviors were recorded 
simultaneously on the minute (ex: feeding while walking). Proximity scans, to record 
distance to other members of the troop, were also conducted during each focal 
observation at 0, 10, and 20 minutes. All individuals that were visible to the observer 
were measured as being <1m, 1-5m, 5-10m, or >10m away from the focal individual and 
are assigned a “proximity code” of 1-4, respectively. Any individuals not visible to the 
observer during data collection were recorded as “Out-of-Sight”. If either the focal 
individual moved out of sight or no other individuals are visible at the designated focal 




Position in canopy was also recorded during each focal observation using a 
combination of letter and number codes to indicate position and height from ground. 
Letter codes indicated ground (G), lower (LC), middle (MC), or top (TC) canopy position 
as well as manmade structures (MS) or natural structures (NS) elevated off the ground 
(i.e. tree trunks, termite/ant hills). Number codes indicated approximate height off the 
ground (1= less than 5m; 2= 5-10m; 3= 10-20m; 4= more than 20m). For example, the 
position of an individual at the top of a small tree could be recorded as “TC1” and the 
position of an individual in the middle canopy of a very tall tree would be recorded as 
“MC2”. 
Ad-libitum sampling: all instances of dominance, stress, and human-directed 
behaviors that occurred in-between focal minutes were recorded (ex: every time the 
individual showed aggression). Conflict outcome was recorded for all aggression, threat 
and displacement interactions (1= focal wins interaction; 2= focal loses interaction).  
One-zero sampling: affiliative and social behaviors that occurred in-between focal 
minutes were recorded only once for that minute (ex: grooming for either the entire 
minute or just a few seconds). Directionality of grooming interactions was also recorded 
(i.e. who grooms whom). These data were recorded in the ad-libitum dataset. 
 
Analytical Methods for Behavioral Data: 
 Datasheets were archived in LWC and subsequently formatted in Microsoft Excel 






I used agonistic behaviors from the ad-libitum datasets to define dominance rank 
and determine individuals’ social ranking in the troop. I included aggression, threats, and 
displacement (or priority to space) as agonistic behaviors for this analysis. The direction 
of all agonistic interactions was recorded as “wins” or “loses”. From these data, I created 
dyadic matrices for each behavior using the tidyverse package in R (v1.3.0, Wickham et 
al., 2019). I ultimately decided dominance rank based on the outcomes of agonistic and 
displacement interactions, using the simple rule that within each pairwise interaction, the 
individual who won or displaced the other most was ranked higher than the other who 
lost or was supplanted most. I assigned troop dominance rankings based on the total 
number of interactions won taken in conjunction with how many individuals from the 
troop were dominated by that individual. Overall, those who are higher ranked displace 
and win agonistic interactions with more troop members than those who are lower 
ranked. When agonistic counts were very low between individuals (as in the two 
juveniles, Red and Skittles), I considered cross-generational rank and so female offspring 
of higher-ranking individuals were moved up in rank.   
I compiled agonistic behavior data from all 9 months pre-release to determine 
original social ranking. I included Batman, the wild who willingly joined the pre-release 
troop, in this analysis to see where he fell in the dominance hierarchy. I split the post-
release dataset into 3 periods to assess social rank stability, excluding the first week of 
data collection right after the full release in March to account for an adjustment period as 
the troop acclimated to their new environment. Period 1 included April and May, period 2 
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included June, July, and August, and period 3 included September, October, and 
November. I also included wild males that emigrated into the troop during post-release – 
Cicero, Homer, and Patches – to see where they fell in rank compared to the rehabilitant 
males. 
Grooming Interactions 
I created dyadic grooming matrices for the pre-release and post-release ad-libitum 
datasets, and used pairwise grooming interactions to confirm the social rank assigned 
based on agonistic interactions, using the logic that higher ranking individuals, especially 
females, usually receive the most grooming (Seyfarth, 1980). I used a Shapiro-Wilk test 
to check for normality in grooming interactions and the assigned ranks across individuals. 
I assessed the relationship between rank order and total grooming received during both 
release stages separately using Spearman’s rank correlation. To assess the relationship 
between rank and grooming among females, I ran linear regressions for both pre-release 
and post-release using female data only, with total grooming received as the outcome 
variable and assigned rank as predictor variable. 
Forest Strata Use 
I created density plots of forest strata use, using kernel density estimates, to show 
the probability density of each individual’s position in the canopy throughout the post-
release stage only. Due to inconsistent code entry in the pre-release stage, these data were 
excluded from analysis. Two wild males, Cicero and Homer, are shown in the density 
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plot for comparison with rehabilitant males. To assess position in canopy across 
individuals, I modelled forest strata use using ordinal logistic regression in the ordinal 
package in R (v2019.12-10, Christensen, 2015) with individual as a random effect, and 
age and sex as predictors. All wild males and individuals with insufficient post-release 
data were removed from this analysis 
Social Network Analysis 
Some of these preliminary analyses were completed with the help of an 
undergraduate assistant working under my supervision. I created matrices for both the 
pre- and post-release datasets for all pair-wise social proximity interactions (5m or less 
apart) among individuals. I considered both grooming interactions and social proximity to 
be indicators of overall group cohesion, since frequent grooming and close social 
proximity suggest tolerance and close social bonds within the troop (Donaldson, 2017; 
Lehmann et al., 2007; Seyfarth, 1980). The undergraduate assistant created diagrams 
using the igraph package in R (v1.2.6, Csardi & Nepusz, 2006) to visualize social 
proximity and social bonds as well as grooming interactions, in which nodes represent 
individuals and edges (the connections between nodes) represent pairwise interactions. 
Additionally, he calculated eigenvector centrality scores across individuals for social 
proximity and grooming interactions to identify the extent to which individuals influence 





Using focal sampling data, I calculated the mean hourly proportion of vigilance 
behavior for each individual, during the pre- and -post release stages separately. I used 
Shapiro-Wilk tests on hourly vigilance rate data to assess normality. I assessed whether 
there was a difference in the troop’s mean hourly proportion of vigilance behavior as well 
difference across sexes between the pre- and post-release stages using paired t-tests. I 
also assessed whether there was a difference across age groups using a one-way ANOVA 
with post-hoc Tukey test. I ran linear regressions between mean hourly vigilance 
behaviors and social rank during each release stage. 
 
Survival Analysis 
I assessed troop survival in the post-release stage using Kaplan-Meier survival 
analysis (Jager et al., 2008) in the survival package in R (v3.2-7, Therneau & Grambsch, 
2000). In this analysis, I only included individuals recorded as troop members on the 
official day of release. The adult males Zip and Bart were not included in this analysis 
since they emigrated close to the release date and so had insufficient data. Wild-born 
infants also didn’t have sufficient data and were excluded from analyses. Survival length 
for each individual was measured in number of days from first recorded focal, which 
began on the first day of release, to last recorded focal, even for individuals reported 
missing during informal observations after the last day of data collection (November 1st). 
“Survivors” included those confirmed to be alive, confirmed emigrants, and those 
strongly presumed to have emigrated based on age and sex. Survivors were labeled as 
“censored” and given a status score of “1”. Individuals that disappeared (and were 
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unlikely to have emigrated) or confirmed as dead were labeled as “dead” and given a 
status score of “2”.  I used right-censored data to account for those individuals still alive 
at the end of the observation period.  
I used proportional hazards (PH) assumption for the model as a whole, as well as 
for each covariate, based on scaled Schoenfeld residuals to test for independence between 
residuals and time. I observed influential observations graphically using df beta. I created 
survival curves for each sex, separately. Average survival time was calculated using the 
median, since survival times aren't normally distributed and so the mean would be an 
inappropriate summary. I ran between-group significance tests using a log-rank test, and 
a multivariate cox regression with covariates sex, age, and rank. I ran a second 
multivariate cox regression with sex, age, rank and eigenvector centrality scores obtained 
from social network analyses.   
Using the post-release focal sampling dataset, I added mean hourly counts of 
predator-related behaviors (vigilance & avoidance) per individual as a potential survival 
covariate for a third analysis. Due to limited behavioral data, Red and Skittles were 
removed from this analysis. I ran a third multivariate cox regression with covariates sex, 
age, rank, centrality scores, and predator-behaviors. 
Activity Budgets 
I separated behavioral activities into six categories: social, locomote, predator, 
feeding, stress, and other (Table 2). I removed Zip, Bart, Red, Skittles, and Batman from 
these analyses due to limited data. I calculated mean hourly behavioral counts in each 
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category both pre- and post-release using the focal dataset, and then averaged across the 
entire troop. I compared mean hourly activity budgets pre- and post-release within 
individuals using paired Wilcoxon sign rank tests. I used a Kruskal-Wallis test with post 
hoc Mann-Whitney U tests to assess the difference in the troop’s overall activity budget 
pre- and post-release.  
Table 2. List of 6 behavior categories for activity budget analysis (feeding, social, 





According to Miller et al. (2016), behavioral diversity is defined as the number 
and frequency of species-specific behaviors displayed by each individual. I used the 
Shannon-Weaver Index (H) (referred to here as “Shannon Diversity”), which considers 
both richness and evenness, to quantify the behavioral diversity displayed by each 
individual during the pre- and post-release stages. Shannon Diversity measures diversity 
using the formula: 




where p is the proportion of one particular behavior recorded divided by the total number 
of behaviors, B, recorded, ln is the natural log, and ∑ is the sum of all calculations across 
behaviors (Miller et al., 2016). This formula calculates the certainty with which the next 
behavior can be predicted. The higher the Shannon Diversity, the lower certainty of 
prediction, and so the more diverse the behavioral repertoire.  
To assess behavioral diversity, I grouped focal datasets by behavior and counted 
each behavior per month, within each individual. Shannon Diversity scores were then 
calculated for each month using the vegan package in R (v2.5-6, Oksanen et al., 2020), 
and averaged to create a score for each vervet during both the pre- and post-release 
stages. I used Shapiro-Wilk tests to assess normality on mean troop Shannon Diversity 
values. Where Shapiro-Wilk tests revealed non-normal distributions, I used log10 
transformations and then reassessed for normality. When log10 transformations also 




variables. Ultimately, I assessed differences in the troop’s mean Shannon Diversity 
scores pre- and post-release as well as differences across sexes using a paired Wilcoxon 
test. I analyzed differences in mean Shannon Diversity values across age and social rank 
during each release stage using a Kruskal-Wallis Test and ran a linear regression between 
mean Shannon Diversity scores and social rank during each release stage.  
 The sole female-specific behavior observed during either release stage, nursing, 
was removed from all analyses and tests were re-run to see whether it had a significant 





Release Outcomes Recorded by LWT: 
Emigrations 
Three males, only one of which had a VHF radio collar, disappeared over the 
course of the post-release stage. One was a confirmed emigration, and 2 were presumed 
emigrations (Table 1). On the first day of release, the research team followed the troop to 
habituate them to human presence and noted that the troop had split up. The following 
day, the entire troop was accounted for again except one adult male, Bart. After tracking 
his radio collar, the team confirmed that he had emigrated from the troop and was not 
seen again during the post-release stage.  
Another adult male, Zip, disappeared on March 22nd, a few days after release, but 
without a radio collar his exact location was unknown. He most likely emigrated, as well, 
since he was in the normal age and sex range for wild vervet emigrations. During this 
time, a wild male named Patches was trying to immigrate into the troop, which could 
have influenced Zip’s emigration. Mango, a subadult male, disappeared about six-months 
after release. By this time, Patches had fully immigrated into the troop and another 2 wild 
males, Cicero and Homer, immigrated on May 16th and May 26th, respectively, one of 
which Mango fought with frequently. It’s likely that this conflict influenced Mango’s 
emigration but could not be confirmed without a radio collar.  
Disappearances & Presumed Deaths 
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Adult females without radio collars that disappeared were presumed dead since 
wild female vervets stay in their natal troop and do not emigrate. Any missing juvenile or 
infant was also presumed dead as they would still be dependent on their mothers for 
survival and easy targets for predators in the area, such as leopards and birds of prey. A 
total of 12 individuals disappeared over the course of post-release monitoring (Table 1).  
The troop was found scattered and split up into two groups one morning in April, 
approximately 30 days after release, due to a suspected predation event during the night. 
Two infants under six months, Mathilda and Baboo, were the troops’ first recorded 
disappearances on April 19th after this event and were both presumed dead or predated. 
All 4 infants born during the post-release period disappeared and were presumed dead 
shortly after birth. Three adult females, Toni (August 23rd), Boo (October 8th), and 
Augustine (December 8th), disappeared between August - December and were presumed 
dead. Augustine and Amy’s newborn infants disappeared at the same time, suggesting 
these deaths occurred during a single predation event. Red, a juvenile female, 
disappeared around the same time as Boo, so these deaths may have been linked as well. 
Skittles and Neville, 2 juvenile males, also disappeared but were presumed dead, as they 
were presumed to be too young for emigration.  
Confirmed Deaths 
The radio collar and skeletal remains of 4 individuals, 1 adult male and 3 adult 
females, were found post-release and therefore, confirmed dead (Table 1). The discovery 




Alex’s newborn infants disappeared at the same time Tinker’s remains and collar were 
discovered, suggesting they all died during the same predation event. Big Mama’s 
remains and collar were discovered 1 month later, along with the disappearance of her 
newborn infant, suggesting these deaths were linked as well. Alex’s skeletal remains and 
collar were found in November and was the last confirmed death in the troop. It was 
suspected that these deaths were most likely the result of leopard predation. After 
discovering the troop of vervets, it appears 1 or 2 leopards returned to this area to hunt on 
multiple occasions.   
 
Overall Survival Rate 
 At the end of post-release monitoring, the troop was comprised of 9 individuals, 7 
from the original troop and 2 wild males who successfully immigrated into the troop. 
Throughout the post-release stage, there were 4 confirmed deaths, 1 confirmed 
emigration, and 10 disappearances from the original troop (excluding the 4 infants who 
were born post-release and quickly disappeared). Out of these disappearances, 2 were 
presumed emigrations, and 8 presumed deaths.  
 If all disappearances are considered to be “deaths”, the survival rate and mortality 
rate of the troop after 10-months is 36% and 64%, respectively. If presumed male 
emigrants are not considered “deaths”, the survival rate increases to 45% and the 
mortality rate decreases to 55%.  Overall, based on radio collar tracking and skeletal 
remains, the confirmed mortality rate was 18%. There was a 100% infant mortality rate, 




Results from Analytical Analysis 
Rank Determination 
 Based on agonistic and displacement interactions, the adult male, Pops, was 
assigned the highest-ranking position in the social hierarchy (#1 in rank order; Table 3.1). 
He was the only individual to win against every other troop member (Table 3.2). The 
adult female, Blue, was assigned the second-highest position and won the most 
interactions in total (#2 in rank order; Tables 3.1, 3.2). Pops won against Blue more often 
than Blue won against Pops, so she was ranked lower. Even though the wild male, 
Batman, has as many wins as Pops, the majority of these interactions were against 
another male, Zip, and few against other individuals, so he was ranked lower (Table 3.2). 
During pre-release, Eddy was assigned highest-ranking juvenile and also had many more 
grooming interactions with high-ranked Blue than any other juvenile. Another female 
juvenile, May, was ranked higher than Big Mama and the other juveniles since her 
mother, Amy, is a high-ranking individual. The juvenile Neville was ranked just below 
his mother, Big Mama. The lowest ranking individuals were Kovu, an orphaned juvenile 
female and Tinker, an adult female (#17 and #18 in rank order). All other individuals fell 
within the middle of the ranking order (Table 3.1). 
Upon analysis of all agonistic interactions in the 3 stages of the post-release 
period, (1 = April & May; 2 = June, July, August; 3 = September, October, November) 
the dominance hierarchy in the troop appeared stable. There is no evidence suggesting a 
major change in dominance rank order from the pre-release stage during any of these 
periods. The LWT release report states that the wild male Cicero replaced Pops as the 
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alpha male in October (Appendix 2); however, there is no evidence from these agonistic 
interactions suggesting this change in hierarchy. Therefore, Pops remained the dominant 
male and Blue remained the dominant female throughout the post-release period in these 
analyses (Table 3.1). The now-juvenile female Red (offspring of Blue) replaced Eddy as 
the highest-ranking juvenile due to her mother’s dominant status. The now-juvenile male 
Skittles (offspring of Alex) was ranked right below May (offspring of Amy) since Amy 
outranks Alex (Table 3.1). 
Grooming Interactions 
There was a significant negative correlation between female rank number (higher 
number implies lower social rank) and total grooming received during pre-release stage 
(S = 404, rho = -0.827, p = 0.002) and post-release stage (S = 505, rho = -0.768, p = 
0.004; Table 4) indicating that the amount of grooming received decreases as assigned 
rank number increases. When considering adult females only, the correlation between 
total grooming received and rank was significant during both pre-release (S = 158, rho = 
-0.881, p = 0.007) and post-release (S= 152, rho= -0.814, p=0.014; Table 4). There was
no significant correlation between male rank and total grooming received during pre-
release (S = 60, rho = -0.0714, p = 0.9063; Table 4). Only 2 rehabilitant males, Pops and 
Mango, received any grooming post-release. 
Linear regression showed a significant association between female rank and total 
grooming received pre-release (F = 16.65, r2 = 0.610, p = 0.003; Figure 2A) and post- 
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Table 3.1 Assigned rank order of dominance hierarchy in each release stage based on 









































Table 3.2 Dyadic matrix of pairwise agonistic and displacement interactions won by 
focal individual in descending social rank order during pre-release stage 
release (F = 10.65, r2 = 0.467, p = 0.009; Figure 2B). When considering adult females 
only, it also showed a significant association pre-release (F = 15.82, r2 = 0.679, p = 
0.007) and post-release (F = 7.125, r2 = 0.467, p = 0.037). 
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Table 4 Results from Spearman’s rank correlation for assigned social rank number and 
total grooming received for females and males during each release stage. Significant p-
values are colored in red. (A= adult, SA = subadult, J= juvenile). 
Forest Strata Use 
Overall, all rehabilitants were most frequently positioned on the ground during 
post-release monitoring (Figure 3). They were also located in the lower and middle tree 
canopies more often than top canopies. Across all three canopy levels, all individuals 
were located in the lowest height category (1) most often, remaining 5m or less above the 
ground, and were rarely positioned in the higher height categories (2 or 3), above 5m off 
the ground. Zip, the rehabilitant male who emigrated soon after release, was positioned in 
the middle canopy 5-10m off the ground more often than any other males (Figure 3A). 
Pops, the highest-ranking rehabilitant male, was positioned on the ground more than any 
other male. Cicero, the wild male who joined the troop, was positioned in the top canopy 
between 0-5m and 5-10m off the ground more than any other male (Figure 3A). Ordinal 
logistic regression involving rehabilitant individuals only, showed no significant effect of 




Figure 2 Linear relationship between assigned female social rank and total amount of 
grooming received during A) pre-release stage, and B) post-release stage. Higher 
number implies lower social rank. 95% confidence intervals shown. Linear regression 
shows a significant association between total grooming received and social rank pre-























































































































Figure 3 Density plots for each individual’s position in the canopy throughout the 
post-release stage. A) wild and rehabilitant males, B) females, and C) subadult and 
juveniles 
Social Network Analysis 
Pre-release diagram for social proximity shows high group cohesion within the 
troop, with all individuals in close proximity with many members of the troop (Figure 
4.1A). This visual observation is supported by the eigenvector centrality measures for 
social proximity, which are very similar across individuals (Table 5A). The post-release 
diagram for social proximity shows more variability in social connectedness among 
individuals (Figure 4.1B), with Pops, Alex, Augustine, Blue, and Amy being highly 
connected with others and Jack, Tinker, Toni, and Red being less connected with others. 


















post-release, which show more variability within the troop than pre-release measures 
(Table 5A). Out of the rehabilitants, Pops, Amy, and Blue have the highest centrality 
scores and Red, Skittles, and Jack have the lowest. 
Pre-release diagrams for grooming interactions show variation in the strength of 
grooming partners. Neville receives a lot of grooming from his mother Big Mama, and 
Alex and Augustine both receive a lot of grooming from Tinker (Figure 4.2A). Pops, 
Blue, and Amy also receive a lot of grooming from other individuals (Figure 4.2A). 
Additionally, strong grooming partners can be seen when the focal individual is the active 
groomer. Tinker frequently grooms Boo and Kovu, Eddy frequently grooms Amy, and 
Alex frequently grooms Blue (Figure 4.2B). Similar to the previous figure, Big Mama 
frequently grooms her son, Neville (Figure 4.2B). In general, males actively groom and 
receive grooming less often than females in the troop.  
Overall, the strength and frequently of grooming interactions decreases post-
release but some preferred grooming partners are still visible. Eddy receives the most 
grooming from Amy, Tinker receives the most grooming from Kovu, Pops receives 
grooming from Eddy, and Blue receives the most grooming from Kovu (Figure 4.3A). 
When the focal individual is the active groomer, it is clear that Eddy frequently grooms 
Blue and Amy, May frequently grooms Boo, and Kovu frequently grooms Augustine 
(Figure 4.3B). Similar to pre-release, males actively groom and receive grooming less 
often than females in the troop or not at all post-release. Blue, Eddy, and Amy have the 
highest grooming centrality scores post-release (Table 5B). 
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  A) 
 B) 
Figure 4.1 Social network diagram showing social proximity events (within 5 meters) 
recorded among individuals during A) pre-release stage and B) post-release stage. 
Thickness and color of edge represents strength of association.  
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Table 5 Eigenvector centrality scores of each individual for A) social proximity 
networks during both release stages and B) grooming networks during both release 
stages. Centrality is ordered from largest to smallest in the post-release column. 
A) B) 
Predator Vigilance 
There is variation in mean percentage of vigilance counts per hour across 
individuals, with Pops vigilant most often pre-release and Neville vigilant most often 
post-release (Figure 5.1). The troop’s mean hourly vigilance count was significantly 
lower post-release than pre-release (t= 11.696, df= 14, p=<0.001; Figure 5.2).  
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  A) 
 B) 
Figure 4.2 Social network diagram showing all grooming interactions recorded among 





Figure 4.3 Social network diagram showing all grooming interactions recorded among 
individuals during post-release stage where the A) focal receives grooming and B) 
focal grooms 
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There was no significant difference in mean hourly vigilance counts between sexes pre-
release (t = -1.982, df = 6.371, p = 0.092; Figure 5.3A) or post-release (t = -1.532, df = 
3.833, p = 0.203; Figure 5.3B). There was a significant difference in mean hourly 
vigilance counts across age groups pre-release (F(2,14) = 5.096, p = 0.0217; Figure 
5.4A). Post-hoc comparisons using a Tukey HSD test indicated that the mean vigilance 
count for juveniles (M = 7.923, SD = 0.486) was statistically different than for adults (M 
= 9.65, SD = 1.06). However this difference in mean hourly vigilance counts across age 
groups was no longer significant post-release (F(2,12) = 1.11, p = 0.361; Figure 5.4B). 
Linear regression shows a significant association between social rank and mean hourly 
vigilance counts during pre-release stage (F = 5, r2 = 0.2, p = 0.041; Figure 5.5A) but not 
during post-release (F = 0.967, r2 = -0.002, p = 0.343; Figure 5.5B). 
Figure 5.1 Mean percentage of vigilance counts per hour across individuals pre- and 
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Figure 5.2 Mean hourly count of troop’s vigilance behaviors pre- and post-release. The 
troop’s mean hourly vigilance count is significantly lower post-release than pre-release 





































Figure 5.3 Mean hourly vigilance counts across sexes during A) pre-release stage and 
B) post-release stage. There was no significant difference in mean hourly vigilance
counts between sexes pre-release (t = -1.982, df = 6.371, p = 0.092) or post-release (t =





































Figure 5.4 Mean hourly vigilance counts across age groups during A) pre-release stage 
and B) post-release stage. There was a significant difference in mean hourly vigilance 
counts across age groups pre-release (F(2,14) = 5.096, p = 0.0217) but not post-release 
(F(2,12) = 1.11, p = 0.361). Post-hoc comparisons using a Tukey HSD test indicated 
that the mean vigilance count for juveniles (M = 7.923, SD = 0.486) was statistically 
different than for adults (M = 9.65, SD = 1.06). 
Survival Analysis 
There was a decrease in troop survival probability throughout the post-release 
observation period with the first death occurring on day 69 (Figure 6A). Considering 17 
individuals in total, the probability of surviving until the end of the post-release 
observation period (~228 days) was 30%. The probability of surviving halfway through 
the observation period (~114 days) was 94%, and the median survival time for all 

















Figure 5.5 Scatterplot of assigned social rank and mean hourly vigilance counts during 
A) pre-release stage and B) post-release stage. There is a significant association
between social rank and mean hourly vigilance counts during pre-release stage (F = 5,








































































































males and females (225 days and 228 days, respectively; X2 = 0.2, df = 1, p = 0.7; Figure 
6B) or across age groups (210.5 days for adults and 228 days for juveniles; X2 = 0.6, df = 
2, p = 0.7). The log-rank test showed a significant difference in survival times across 
social rank (X2 = 41.1, df = 16, p < 0.05), but did not suggest any consistent patterns 
related to high vs. low rank. Using df beta to look at score residuals, the variable rank 
appeared to be only slightly influential, but was kept in the analysis (Figure A1).  
In the first Cox multiple regression analysis (with covariates sex, age, and rank), 
sex was not statistically significant (HR = 3.03, p = 0.18). Among ages, being a juvenile 
was significantly associated with lower risk of death (HR = 0.1, p = 0.03), as was being 
more highly ranked (HR = 1.22, p = 0.01). However, the likelihood ratio tests (p = 0.1), 
Wald tests (p = 0.2), and The Score (logrank) test (p = 0.07) were not statistically 
significant so caution is warranted here. 
In the second Cox multiple regression analysis (with covariates sex, age, rank, 
and eigenvector centrality scores for grooming and proximity to others), sex was not 
statistically significant (HR = 0.4, p = 0.95). Both age (SA: HR = 3.9 x 10-08, p = 0.1; J: 
HR = 0.008, p = 0.07) and rank (HR = 0.9, p = 0.95) were no longer significant. For 
social proximity centrality scores, higher scores were significantly associated with lower 
risk of death (HR = 2.1 x 10-04, p = 0.01). Centrality scores for grooming were not 
significant (HR = 0.45, p = 0.75).  
In the last Cox multiple regression analysis (with covariates sex, age, rank, 
centrality measures, and predator vigilance), all covariates were non-significant including 
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predator-vigilance (HR = -0.066, p= 0.523). The Score (logrank) test (p= 0.03) became 
significant in this regression. 
 A) 
  B) 
Figure 6 Kaplan-Meier survival curves with associated confidence intervals and risk 





 During both release stages, across all behaviors, the troop displayed the highest 
percentage of predator-related behaviors per hour and the lowest percentage of stress 
behaviors per hour (Figure 7.1). The troop’s mean hourly display of predator-related 
behaviors was significantly higher during pre-release than post-release (Table 6, Figure 
7.2). The troop moved significantly more per hour during the post-release stage than pre-
release stage (Table 6, Figure 7.3). The mean hourly count of behaviors from the 
miscellaneous category “other” was also significantly higher post-release (Table 6, 
Figure 7.4). There is no significant difference in the troop's mean hourly display of social 
behaviors, stress behaviors feeding behaviors, or ad-libitum grooming behaviors when 
compared between pre- and post-release (Table 6, Figures 7.5-7.8). 
Kruskal-Wallis test indicated a significant difference in the troop’s mean activity 
budget across the six categories both pre-release (X2 = 77.776, df = 5, p = < 0.001; Figure 
7.9A) and post-release (X2 = 66.279, df = 5, p = <0.001; Figure 7.9B). The Mann-
Whitney U test indicated the troop's average display of predator-related behaviors was 
significantly higher than all other behavior categories during the pre-release stage with a 
mean hourly occurrence of 9.02 (Figure 7.9A). The troop's average display of predator-
related behaviors and feeding behaviors were significantly higher than all other behavior 
categories during post-release with mean hourly occurrences of 6.29 and 5.96, 
respectively (Figure 7.9B). The troop's average display of stress-related behaviors is 
significantly lower than all other behavior categories during pre- and post-release, with 
mean hourly occurrences of 1.53 and 1.50, respectively (Figure 7.9A & B).  
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Figure 7.1 Mean hourly percentage of troop behavior displays in each activity budget 
category pre- and post-release (see Table 2 for behaviors in each category). 
Table 6 Results from paired Wilcoxon signed rank test of behavior category 











































Figure 7.2 Mean hourly count of troop’s behavior displays from “Predator” category 
pre- and post-release. The troop’s display of predator-related behaviors was 
significantly higher during pre-release than post-release (V = 0, n = 15, p < 0.001). 
Figure 7.3 Mean hourly count of troop’s behavior displays from “Locomotion” 
category pre- and post-release. The troop moved significantly more during post-release 


































Figure 7.4 Mean hourly count of troop’s behavior displays from “Other” category pre- 
and post-release. The troop engaged in these behaviors more post-release than pre-
release (V = 103, n = 15, p < 0.01). 
Figure 7.5 Mean hourly count of troop’s behavior displays from “Social” category pre- 
and post-release. There is no significant difference between the two release stages (V = 



































Figure 7.6 Mean hourly count of troop’s behavior displays from “Feeding” category 
pre- and post-release. There is no significant difference between the two release stages 
(V = 80, n = 15, p = 0.28). 
Figure 7.7 Mean hourly count of troop’s behavior displays from “Stress” category pre- 
and post-release. There is no significant difference between the two release stages (V = 

































Figure 7.8 Mean hourly count of troop’s behavior displays from ad libitum 
“Grooming” category pre- and post-release There is no significant difference between 











































Figure 7.9 Mean hourly count of troop’s behavior displays from each behavior 
category during A) pre-release stage and B) post-release stage. Letters indicate 
significant differences between categories. In the pre-release stage, mean count of 
predator-related behaviors (9.02) is significantly higher than all other categires. In the 
post-release stage, mean count of feeding (5.96) and predator-related behaviors (6.29) 
are significantly higher than all other categories. Mean count of stress-related 
behaviors (1.53, 1.50) is significantly lower in both release stages.  
Behavioral Diversity 
There was some variation in behavioral diversity across individuals during each 
release stage with Pops having the lowest behavioral diversity pre-release and Neville 
having the lowest behavioral diversity post-release (Figure 8.1) The troop's mean 
Shannon Diversity pre-release was significantly greater than the troop's mean Shannon 
Diversity post-release (V = 96, p = 0.021, n = 15; Figure 8.2). Females had significantly 


























Figure 8.1 Mean Shannon-Weaver Indices (H) of each individual pre- and post-
release. Asteriks indicate individuals without post-release data. 
n = 16; Figure 8.3A) and post-release (W = 41, p = 0.005, n = 14; Figure 8.3B). There 
was no significant difference in mean Shannon Diversity values across age groups pre-
release (X2 = 2.3366, df = 2, p = 0.311; Figure 8.4A) or post-release (X2 = 1.705, df = 2, p 
= 0.426; Figure 8.4B), although juveniles generally had higher behavioral diversity than 
adults. There was no significant difference in mean Shannon Diversity values across 
social rank order pre-release (X2 = 16, df = 16, p = 0.453; Figure 8.5A) or post-release (X2





























































significantly associated with Shannon Diversity values pre-release (F = 0.560, r2 = -
0.028, p = 0.466) or post-release (F = 0.5819, r2 = -0.03, p = 0.459).  
The removal of nursing, the sole female-specific behavior observed, did not 
significantly change any of these results. Females still had greater mean Shannon 
Diversity values than males during both release stages (pre: W = 62, p = <0.001, n = 16; 
post: W = 41, p = 0.005, n = 14).  
Figure 8.2 Mean Shannon-Weaver Indices (H) of entire troop pre- and post-release. 
The troop's mean Shannon Diversity pre-release is significantly greater than the troop's 























Figure 8.3 Mean Shannon-Weaver Indices (H) of troop across sexes during A) pre-
release stage and B) post-release stage. Females have higher mean Shannon Weaver 
Indices than males pre-release (X2 = 9.7071, df = 1, p = 0.002) and post-release (X2 = 












































Figure 8.4 Mean Shannon-Weaver Indices (H) of troop across ages during A) pre-
release stage and B) post-release stage. There is no significant difference in mean 
Shannon Diversity values across age groups pre-release (X2 = 2.3366, df = 2, p = 











































Figure 8.5 Mean Shannon-Weaver Indices (H) of troop across assigned social rank 
grouped by sex and age during A) pre-release stage and B) post-release stage. There is 
no significant difference in mean Shannon Diversity values across social rank order 












































































































The focus of this study was to investigate the effects of various factors on survival 
rates and welfare of a released troop of vervet monkeys in Malawi, Africa in 2016 using 
pre-existing datasets. To determine which factors most strongly influence survival rates, I 
analyzed social ranking and hierarchy, forest strata use, social networks, and predator 
vigilance. To assess changes in welfare after release, I analyzed rank stability, activity 
budgets, and behavioral diversity using the Shannon Diversity Index (Shannon & Weaver 
1949). I hypothesized that 1) higher social rank, more complete strata use, frequent 
predator vigilance, and close proximity to troop members will be associated with 
survival, and 2) rank stability/group cohesion will be strong post-release, activity budgets 
will show low levels of stress-related behaviors, and behavioral diversity will increase 
post-release, suggesting welfare improvements. The goal of this study is to add to the 
limited scientific literature on vervet rehabilitation and release to hopefully improve 
future release survival rates. 
Hypothesis 1: 
Social rank and dominance hierarchy 
It is unknown the exact order in which the individuals were added to the troop or 
for how long they were each housed at LWC before the official start of the pre-release 
observation period. However, it appears the troop did form a stable linear dominance 
hierarchy during the 9-month pre-release stage (Table 3.1). In the wild, dominant vervets 




act aggressively towards them (Cheney, 1983; Struhsaker, 1967c). They will even 
supplant others from an area with no other resources nearby just to assert their dominance 
since space is an unlimited resource in the wild (Struhsaker 1967c).  
The number of aggression and threat interactions between individuals in this troop 
was actually quite low so the majority of the pairwise interactions shown on Table 3.2 
were displacement interactions. Wild females generally engage in fewer agonistic 
interactions than males and display more affiliative behaviors to one another (Whitten, 
1983) but they may still display aggression towards adult males especially immigrants 
(Fairbanks & McGuire 1986). Females also form alliances and help prevent infant-
directed aggression by males (Andelman, 1985; Kingdon & Largen, 1997). Despite being 
a wild male who jumped into the enclosure, Batman was not subject to high levels of 
aggression or threats from the females, suggesting he may have joined before the troop 
formation stabilized. Male-male aggression is evident, however, by the very high number 
of agonistic encounters between the two males, Zip and Batman, which exceed all others 
(Table 3.2). 
The formation of a stable dominance hierarchy in any troop is important since it 
helps reduce actual physical violence between members (Struhsaker, 1967c). The 
stability of the hierarchy in this troop may further explain the generally low levels of 
aggression observed between adult females and males. This could also be explained by 
the daily feeding schedule by LWC staff; abundant availability of food may reduce 
overall agonistic interactions over these resources. Also, unlike in most wild habitats, 




presence of other resources, may offer a more direct gain. Dominant individuals in this 
troop may therefore use displacement to assert their dominance without aggression and 
access the limited free space. 
The highest-ranking individual, the adult male Pops, was the only individual to 
win against every other troop member at least once. The second highest-ranking 
individual, the adult female Blue, won the most interactions of any female. Both agonistic 
interactions and cross-generational hierarchy were considered when ranking juveniles 
since offspring inherit their mother’s social ranking (Cheney et al., 1981; Fairbanks & 
Mcguire, 1986). While agonistic interactions were solely used to determine rank order of 
males, grooming interactions were also used to confirm assigned rank order of females 
since females groom each other more often than males (Brain, 1965) and dominant 
females receive more grooming than subordinates (Seyfarth, 1980). High-ranking 
females generally have greater access to resources and win more agonistic interactions, 
making them a preferred grooming partner (Seyfarth, 1980). Competition constraints for 
access to high priority partners lead to higher grooming interactions between individuals 
of similar rank since they are outcompeted by individuals ranked above them (Seyfarth, 
1980). The total amount of grooming received among females during the pre-release 
stage was significantly correlated with social rank, thus confirming the assigned rank 
order (Table 3.1). The highest ranked individuals, Blue, Amy, and Alex received the most 
grooming and the lowest ranked individuals, Big Mama, Kovu, and Tinker received the 
least grooming. Interestingly, the juvenile Eddy, received more grooming than the other 




females and also frequently groomed them back in return. Since Eddy was an orphaned 
juvenile without a mother in the troop, this could have been a form of allomothering, 
where young are cared for by someone other than their mother (Fairbanks, 1990). Eddy 
was ranked higher than the other juveniles because frequent access to the three highest 
ranking females in the troop would provide her with benefits and resources associated 
with them.    
 Upon analysis of all agonistic interactions in the 3 periods of the post-release 
stage, (1 = April & May; 2 = June, July & August; 3 = September, October & November) 
the dominance hierarchy in the troop appeared stable (rank stability is discussed further 
under hypothesis #2). Therefore, assigned social rank order did not change post-release, 
other than the addition of a few juveniles based on their mother’s social rank. 
 Contrary to my predictions, survival analyses did not show a significant effect of 
social rank on the likelihood of survival. Even though the 3 highest ranking individuals – 
Pops, Blue, and Amy – survived, the 3 females ranked right below them – Alex, Toni, 
and Augustine – did not survive. Furthermore, Eddy, May, and Kovu, 3 juveniles ranked 
low in the troop, survived. Both Eddy and Kovu were orphaned individuals so May was 
the only surviving juvenile who had a mother (Amy) in the troop. Red and Skittles were 
the youngest juveniles and did not survive despite the high social ranking of their 
mothers, Blue and Alex. Their mother’s presence in the troop, even one of high social 
rank, did not seem to improve their chances of survival. In addition to being ranked low 
in the dominance hierarchy, Kovu’s tail was amputated prior to release due to injury. In 




due to their length and mobility (Larson & Stern, 2006). Her survival despite this 
physical limitation shows disabled vervets may still be appropriate candidates for release, 
but a full physical and behavioral assessment should always be conducted first. 
 In comparison to my results, Cheney et al. (1981) found non-random mortality in 
predation across free-ranging vervets, where predation was actually greater among high-
ranking individuals. Dominant females were more likely to give the first predator alarm-
call, which may have drawn the attention of predators, but there was no clear evidence to 
confirm this. Additional data found that offspring of dominant females were more likely 
to precede offspring of subordinate females during group progressions which may have 
increased their vulnerability to predation but this could also not be confirmed. The 
precise cause of increased predation risk among these individuals remained unknown. 
These results along with my own show that the relationship between social ranking and 
survival is complex and requires further investigation.  
 
Forest Strata Use 
 Forest strata density plots show a higher concentration of time spent on the 
ground than higher in the canopy across all rehabilitant age groups and sexes (Figure 3). 
The adult male, Zip, was positioned 5-10m off the ground in the lower canopy (LC2) 
more often than other males, but his post-release data is extremely limited and therefore 
may not reflect his long-term behavior patterns (Figure 3A). Interestingly, the wild male, 
Cicero, was positioned 0-5m and 5-10m off the ground in the top canopy (TC1 and TC2, 




positioned higher than 5m off the ground across all canopy categories (LC2, MC2, TC2, 
and TC3) and there was no significant effect of rehabilitant sex or age on forest strata 
use. Overall, these data show very little variation between rehabilitants regardless of their 
survival status, suggesting forest strata use did not have a significantly strong effect on 
survival outcome. However, frequent ground foraging may still have increased predation 
risk, especially for those in the periphery of the troop or those farther away from the 
protection of tree cover. 
Due to their semi-terrestrial lifestyle (Enstam & Isbell, 2007), it’s not uncommon 
for vervets to spend large portions of their time moving on the ground. However, wild 
vervets will escape to higher canopy to avoid terrestrial predators and move down in the 
canopy to avoid aerial predators (Seyfarth et al., 1980) so variation in their vertical forest 
strata is important for effective anti-predation strategies (Willems & Hill, 2009). In 
addition, by sitting higher in the canopy, vervets may be more likely to spot terrestrial 
predators and give alarm calls to the rest of the troop. This may explain Cicero’s higher 
concentration of time spent 5-10m off the ground; having been raised in a wild troop, he 
may have learned to engage in this behavior in order to have better visibility of potential 
terrestrial predators.  
 Forest strata use may have been influenced by the feeding routine at LWC during 
rehabilitation. To minimize human presence, food was tossed into the enclosure from the 
outside where it typically landed on the ground. The troop most likely became 
accustomed to foraging on the ground, especially younger individuals with minimal or no 
prior foraging experiences. The LWT release report states that the troop was observed 
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successfully feeding on a variety of natural foods and vegetation once released (Appendix 
2) but it is unknown whether this was primarily ground foraging as seen in Figure 9 or if
they also foraged higher in the canopy. Furthermore, the provisional food provided by the 
LWT team during the first 8 weeks of release was also left on the ground, which may 
have strengthened their preference for ground foraging in this new habitat. Since 
variation in forest strata use is important for effective anti-predation strategies, the 
addition of 5m+ high platform feeders to the natural vegetation in the pre-release 
enclosure may help promote vertical canopy use post-release. They could be strategically 
located nearby the enclosure perimeter to allow for food to be tossed onto them without 
requiring entry into the enclosure.  
Figure 9 An adult female in the troop feeding from the ground during the dry season 
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Social Proximity 
I predicted that individuals with strong social bonds who remained in close 
proximity to others, either for grooming or otherwise, would benefit more from collective 
vigilance and reduce their predation risk. According to survival analyses, close proximity 
to others did slightly increase an individual’s chance of survival, however, close 
proximity to others during grooming events did not. Eigenvector centrality not only 
counts the number of nodes connected to a focal node but also considers the weight of 
node’s centrality. Nodes with high eigenvector centralities are connected with other well-
connected nodes and have a stronger influence on the overall connectedness of the group 
(Borgatti et al., 2013; Sueur et al., 2010). Many individuals with the high social 
proximity centrality scores – Pops, Amy, Blue, Kovu, and Eddy – survived until the end 
of the study (Table 5A). The four individuals with the lowest social proximity centrality 
scores – Tinker, Red, Skittles, and Jack – were either presumed or confirmed dead (Table 
5A). This suggests that close social proximity to others may buffer vervet monkeys from 
mortality. Highly connected individuals may benefit more from collective vigilance by 
being located in the center of the troop rather than the periphery where predation risk is 
higher. That the inclusion of social proximity centrality score negates the significance of 
social rank and age on survival in this model suggests that age and rank interact with 
social proximity centrality in meaningful ways (for example, that more highly ranked 
individuals and juveniles may maintain more central proximities in the group). In other 
words, it’s possible that the predation-buffering effects of centrality may be the way in 
which greater survival is achieved rather than by rank or age per se. 
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The significant effect of social proximity was lost when predator vigilance was 
added as a covariate to the models, suggesting it did not have a decisive influence on the 
survival of this troop. For example, Augustine had a high centrality score but disappeared 
during observations (Table 5A). However, this measure of centrality is estimated for a 
larger period of the study, and so represents a central value or estimate for each 
individual that does not necessarily reflect moment-to-moment centrality. Since it is 
unknown exactly how and when many of the rehabilitants died, it is difficult to determine 
whether they were in close proximity to others at the time of their disappearance or 
predation. Predation may have occurred when they had moved to the periphery of the 
group or had fallen behind, even though they were frequently observed close to others 
during observation periods. In addition, poor predator awareness may have contributed to 
high mortality rates, which wouldn’t necessarily be resolved by being close to others in 
the troop.  
Overall, females had higher grooming centrality scores than males because 
female vervets engage in grooming more often than males (Seyfarth, 1980; Table 5B). 
Even though proximity to others during grooming had no effect on survival, intragroup 
social grooming is still extremely important for overall health and welfare of the troop by 
removing potentially harmful ectoparasites, like ticks (Struhsaker et al. 1967), while 




Due to their smaller size and semi-terrestrial lifestyle, vervets are at high risk of 
predation (Struhsaker 1967b). Some of their most common natural predators include 
eagles (e.g. Polemaetus bellicosus), leopards (Panthera sp.), snakes (e.g. Bitis arietan), 
and baboons (Papio sp.). Therefore, frequent vigilance and predator avoidance are vital 
for their survival in the wild. Vervet troop size and social structure also allows for 
collective vigilance (Isbell et al., 2002), which reduces predation risk without sacrificing 
foraging time (Janson, 2000). This most likely explains similar mean hourly vigilance 
counts across sexes pre- and post-release since both males and females partake in 
collective vigilance (Figure 5.3A & B).  
Interestingly, the troop’s mean hourly vigilance count was significantly lower 
post-release than pre-release (Figure 5.2). A similar trend was seen in the activity budget 
analyses with all predator-related behaviors (Table 6; Figure 7.2). “Vigilance” was 
defined in LWT’s ethogram as “any level of observation or awareness of their 
environment. This includes sitting in a tree or on the ground, with head up eyes open 
looking. Not only for extreme vigilance.” (Table A1). The loss of significant difference in 
mean hourly vigilance counts across age groups post-release (Figure 5.4B) as well as the 
loss of significant association between social rank and vigilance (Figure 5.5B) may have 
been caused by this overall reduction in troop vigilance. The troop moved and traveled 
significantly more post-release (Figure 7.3), which may explain a decrease in vigilance, 
according to LWT’s specific definition.  
Regardless, a decrease in vigilance post-release is problematic for a troop of 




confirmed the deaths of 4 adults (Table 1), all of which were presumed to be by leopard 
predation based on found remains, resulting in an 18% confirmed predation mortality 
rate. Any female, juvenile, or infant that disappeared and was without a radio collar was 
also presumed dead by predation since wild female vervets stay in their natal troop and 
do not emigrate (Turner et al., 2019) and young vervets would still be dependent on their 
mothers for survival and easy targets for such predators. LWT presumed a total of 8 
individuals from the original troop to be dead by the end of the study period (Table 1), 
increasing the mortality rate to 55%. Additionally, all 4 wild-born infants were presumed 
dead as well. 
 According to the LWT release report, the troop displayed appropriate anti-
predator behaviors for birds of prey, alarm calling and descending from trees quickly, a 
behavior frequently seen in wild vervet troops (Seyfarth et al., 1980). However, the 
troop’s antipredator behavior for terrestrial predators appeared insufficient, especially 
since they were observed returning to areas where multiple predation events had 
occurred. According to Willems and Hill (2009), wild vervets routinely avoided areas 
where the perceived predation risk of two locally confirmed predators, leopards and 
baboons, was high.  
Coupled with predation risk, the main drivers of vervet landscape use include 
distance to water sources and safe sleeping sites (Makin et al., 2012). The release site in 
KNP had sufficient food and sleep site availability and permanent water sources from the 
Lingadzi River Dambos during the dry season, which begins around May in Malawi. The 




the surrounding habitat. The first predation event didn’t occur until June, when Jack’s 
skeletal remains were discovered, about one month into the dry season. Access to water 
during the dry season is a landscape constraint for all species, resulting in a concentration 
of both predator and prey near limited water supplies (Valeix et al., 2009). The troop was 
highly vulnerable in this area where leopards or other terrestrial predators are also drawn 
to during the drier months, especially while foraging on the ground. The troop most likely 
revisited areas of predation to access drinking water and was not experienced enough to 
adjust their landscape use based on perceived distribution of predation risk. 
Predator-awareness training is recommended for rehabilitation and release 
programs (Griffin et al., 2000). LWT does have a predator-awareness testing protocol 
where individuals are exposed to model predators and their responses are recorded; 
however, due to concerns with inter-observer and protocol design reliability, testing was 
not done with this particular troop. In addition, this protocol doesn’t involve training the 
individuals on anti-predator strategies, but rather assesses their responses. Previous 
studies have shown that other mammals improve their anti-predator behaviors by 
watching experienced, wild conspecifics (Shier & Owings, 2007). This is also the case 
with highly social primates, that learn behaviors by watching others, and may be a great 
advantage to improving anti-predator training (Griffin et al., 2000). Batman, the wild 
male who willingly jumped into the enclosure at the center but was not released with the 
troop, was an experienced wild-born conspecific. Based on the low survival rates, his 
presence during rehabilitation didn’t seem to greatly impact their survival outcome post-




learn from his antipredator responses. Exposure to natural predators in the environment, 
such as snakes and birds of prey, from the safety of their pre-release enclosure, is also a 
strategy used by vervet release programs to increase predator awareness (Guy et al., 
2011).   
Even though survival analyses did not show a significant effect of mean vigilance 
counts on the likelihood of survival, the troop still suffered multiple predation events that 
may have been caused by poor antipredator strategies. Troop members traveling in the 
back or periphery of the group may have been more susceptible to predation, regardless 
of their mean hourly predator vigilance. The addition of predator-awareness training is 
highly recommended, especially when wild-conspecifics have joined the troop, as it may 
improve predator identification, alarm call response, and predator avoidance strategies.  
 
Hypothesis 2:  
Rank Stability & Group Cohesion 
Upon analysis of all agonistic interactions in the 3 periods of the post-release 
stage, (1 = April & May; 2 = June, July & August; 3 = September, October & November) 
the dominance hierarchy in the troop appeared stable. The release report states that Pops 
sustained injuries from fighting with Patches and again from Cicero, when he apparently 
took over as alpha (Appendix 2). However, the data does not reflect this and there is no 
evidence suggesting a major change in dominance rank order from the pre-release stage 
during any of these periods. There was still a strong relationship between female 




the total numbers of displacement and agonistic interactions across these three periods 
were much lower than those during pre-release. Pops and Blue, who won a total of 103 
and 116 interactions pre-release, respectively, were only recorded winning 20 and 16 
interactions post-release, respectively. It appears the entire troop was infrequently 
observed engaging in agonistic or displacement interactions.  
With the removal of Batman and the emigrations of Zip and Bart soon after 
release, both male-male and male-female conflict would be less common, which may 
explain this trend. In addition, LWT distributed provisional food at the start of release 
and space was no longer a limited resource, which may further explain this reduction. 
Interestingly, however, the addition of immigrant males (Cicero, Patches, & Homer), who 
are generally subject to female-directed aggression in the wild (Fairbanks & Mcguire, 
1986), did not result in a spike in female-male conflict, as expected. This rehabilitant 
troop may have been more tolerant of immigrants than what would be expected of a wild 
troop. 
According to the release report, the troop was found split up into two groups 
twice during the study period. The first occurred on the first morning after release from 
the in-situ enclosure. The second occurred one morning in April, approximately 30 days 
after release, due to a suspected predation event during the night. One of the vervet 
releases discussed in Wimberger et al. (2010) saw immediate group fission on the first 
day of release. Other than during normal male emigrations, it is uncommon for wild 
vervets troops to split up or dissolve completely unless resource competition becomes too 




group instability, which could have detrimental effects on survival (Wimberger et al., 
2010). Unlike LWT’s 2014 vervet release troop, which split up many times, this vervet 
troop remained together for the majority of the study period. The pre-release social 
proximity diagram shows high levels of connectedness (Figure 4.1A) but this is highly 
influenced by being confined together in an enclosure. The post-release social proximity 
diagram also shows high levels of social connectedness across individuals (Figure 4.1B), 
suggesting a cohesive troop since they are no longer in an enclosure and close social 
proximity suggest tolerance and close social bonds within the troop (Donaldson, 2017; 
Lehmann et al., 2007; Seyfarth, 1980).  
Wimberger et al. (2010) suggests group cohesion may be improved by having an 
infant in the troop and no more than 12 juveniles, to reflect wild troop dynamics. This 
troop had 6 juveniles and 2 infants at the start of release, which may have promoted 
group cohesion. Additionally, wild female vervets have been shown to be highly 
influential troop members (Borgeaud et al., 2016; Struhsaker, 1967c), so the greater 
female-to-male ratio may have also been a contributing factor. Without strong social 
bonds, this troop may not have joined back together after the two fission events or may 
have split up more frequently, leading to even higher mortality risk. The stability in the 
dominance hierarchy helped maintain low levels of aggression and close social bonds 





 When assessing animal welfare, the presence of negative or stereotypical 
behaviors are typically considered (Bashaw et al., 2007). Such indicators include pacing 
for big cats (Friend & Parker, 1999), head-bobbing for elephants (Maestripieri et al., 
1992), and self-scratching for primates (Mason & Latham, 2004), all of which suggest 
elevated stress levels and poor welfare. For this troop of vervets, negative behaviors 
included yawning, scratching, self-grooming, self-mutilation, and pacing (Table A1). The 
ultimate goal of many release programs is to return displaced and/or injured animals back 
to their native habitat in the hopes that it improves their overall health and welfare 
(Cowlishaw & Dunbar, 2000; Guy & Curnoe, 2013). Therefore, it is important to monitor 
behaviors that suggest elevated stress-levels post-release. 
The results from activity budget analyses show that the troop displayed 
significantly lower levels of stress-related behaviors per hour then all other behavior 
categories both pre- and post-release (Figure 7.1; Table 6). It also showed no significant 
difference in the troop’s stress-related behaviors per hour between pre- and post-release, 
indicating their stress levels did not increase post-release (Table 7.1; Figure 7.7). 
Furthermore, the troop’s social behaviors and grooming behaviors did not decrease post-
release (Figure 7.5, 7.8) so the display of species-specific behaviors was not negatively 
affected by release.  
As recommended by Baker (2002), human exposure and handling should be 
minimized during rehabilitation as it can cause unnecessary stress. These guidelines were 
followed by LWT and human presence near the enclosure was reduced as much as 




troop prior to their release. Confinement and transportation can also increase stress-
levels, which was a necessary step when bringing the troop to the release site. The two-
week acclimation period at the KNP pre-release enclosure as part of the ‘soft-release’ 
protocol, appeared to also be successful at reducing stress-levels before the full release.  
 
Behavioral Diversity 
 While the stress-related behaviors discussed above can be extremely informative 
when assessing welfare, absence of abnormal behaviors does not always indicate 
adequate welfare (Swaisgood & Shepherdson, 2005). The use of behavioral diversity to 
assess stress and welfare is a newer approach where a diverse behavioral repertoire, 
which reflects species-specific behaviors, indicates good welfare (Pereira & Fairbanks, 
2002). Therefore, I hypothesized that the troop would have greater behavioral diversity 
post-release, suggesting welfare improvements. Although there was some variation in 
behavioral diversity across individuals during each release stage (Figure 8.1), the troop’s 
behavioral diversity significantly decreased post-release (Figure 8.2), contrary to my 
predictions.  
Pops’ very low behavioral diversity pre-release was most likely due to his high 
vigilance rate pre-release (Figure 5.1), reducing the variety in his behavioral repertoire. A 
similar inverse relationship was seen with Neville, who had the lowest behavioral 
diversity post-release but the highest vigilance rate post-release. Activity budget analyses 
showed an increase in locomotion post-release (Figure 7.3), which could have limited 




behavioral diversity than males during both release stages (Figure 8.3) even with the 
removal of nursing, the one female-specific behavior observed, which did not change 
these results. Juveniles had a slightly higher behavioral diversity than adults pre- and 
post-release (Figure 8.4) and while these differences weren’t statistically significant, they 
still may have influenced behavioral diversity across sexes since there were 3 female 
juveniles and only 1 male juvenile. Juveniles’ curious nature and high energy promotes 
engagement with their environment and interaction with others, typically through play 
(Pereira & Fairbanks, 2002), thus diversifying their behavioral repertoires.  
 Behavioral diversity is the most informative when the ethogram being used 
includes a wide variety of possible behaviors. Overly generalized behavioral descriptions 
group behaviors together that may otherwise show more diversity in an individual’s 
behavioral repertoire. For example, the ethogram used by LWT describes “locomotion” 
as “any movement to get from one place to another, such as walking, running, and 
jumping, in any possible direction: on the ground, in the trees or on buildings” (Table 
A1). For the purposes of measuring behavioral diversity, this may not be the most useful 
approach since variety in locomotive behaviors is lost. This could also be applied to 
foraging, where additional behaviors are added that cover a variety of foraging 
techniques such as turning over rocks, pulling leaves off trees, and searching the ground 
for fallen fruits.  
 Including behavioral diversity analyses in future studies of vervet rehabilitation 
would help identify individuals with sub-optimal environmental engagement.  




release enclosure, or removing particularly unengaged individuals from the release 
program in more severe cases. Overall, it’s difficult to conclude that the troop’s welfare 
changed post-release in this case, given the limitations with the data collection paired 
with the low levels of stress-related behaviors pre- and post-release from the activity 
budget analyses. To better enable the use of behavioral diversity as a signifier of welfare, 
future studies should use highly specific ethograms that differentiate between a diverse 
array of behaviors.  
 
Previous Studies on Vervet Releases 
 Published research on rehabilitation releases of vervet monkeys are limited to 
only six studies, five of which were conducted in South Africa (Guy, 2013; Guy et al., 
2011, 2012a, 2012b; Wimberger et al., 2010) and one in Kenya (Donaldson, 2017). The 
‘soft-release’ reported by Wimberger et al., (2010) had a 20% mortality rate about 10 
months post-release. Guy et al. (2011) reported a mortality rate of as high as 68%, due to 
a higher number of missing individuals, and Guy et al. (2012a) reported a suspected 
mortality rate between 44% - 63%, due to short lifespan of radio collars. Up to 83% of 
the monkeys involved in the releases reported by Guy et al., (2012b) were unaccounted 
for by the end of the study, making it very difficult to determine survival rates. Guy et al., 
(2013) reported a confirmed mortality rate of 17% after six months; however, 21% of the 
troop was unaccounted so mortality may have been as high as 38%. Lastly, Donaldson 




 Overall, efforts at reintroduction have been deemed unsuccessful or only partially 
successful, and by the metrics of these previous releases the 2016 LWT release could be 
considered partially successful given the comparable rates of mortality yet clear 
indicators of generally good welfare. In these previous releases, issues with group 
composition, social cohesion, appropriate predator behaviors, illegal hunting, and 
unsuitable habitat selection are cited as potential causes of poor release success and high 
mortality (Guy et al. 2013; Guy et al. 2011, 2012b; Wimberger et al. 2010). Donaldson 
(2017) reported a group size increase of 16.67% four years post-release and surviving 
females had successfully given birth to offspring, indicators that suggest long-term 
release success. The 2016 LWT release shows that high mortality can co-occur even with 
suitable release habitat, relatively stable group composition, low hunting pressure by 
humans, and high social cohesion and rank stability. As the results of this study show, 
this high mortality may be mediated by rehabilitant-specific habitat usage and behaviors 
– like ground-focused habitat use and a reliance on seasonal environments that are 
predator-rich – that make released monkeys more vulnerable to predation, particularly 
those that are socially peripheral. Although (with the notable exception of Donaldson, 
(2017)) this study has among the longest pre- and post-release study periods, current 
monitoring is needed – to assess current release population size and infant births – to 
decide whether the 2016 LWT release could be considered a long-term success. 
 




The unique life-histories of most vervets brought to LWC is usually unknown. 
Even though most of them are confiscated from the illegal pet trade, others are 
abandoned by their owners or found injured due to conflict with humans. Information 
about their previous living situations is often limited, making it difficult to determine 
whether individuals were wild-born, hand-raised, orphaned when young, or kept as a pet 
– all factors that potentially influence their ability to adjust to the new troop setting and a 
transition back to the wild. Since there was no information on the life-histories of the 
troop involved in this release study, all of the vervets were subject to the same 
rehabilitation protocols at LWC until their release. It is possible that this may have 
influenced survival since an animal’s life-history may be important for determining their 
unique rehabilitation needs (Cheney 2009). Vervets, like many non-human primates, are 
highly social and learn valuable social and behavioral skills from conspecifics, such as 
foraging, communication, and predator avoidance (Struhsaker, 1967c). Unless those 
deficient in these skills are properly rehabilitated and trained, they may not be appropriate 
candidates for release. For example, a vervet raised by an inexperienced owner may be 
suffering from long-term malnutrition, a vervet kept as a pet for many years will have 
fully habituated to humans, and a vervet attacked by a domestic pet may be extremely 
stressed and disoriented (Guy & Curnoe, 2013). All of these factors could strongly 
influence their ability to interact with and learn from conspecifics while in rehabilitation, 
which would make them more susceptible to starvation, predation, and within-troop 
conflict (Guy & Curnoe, 2013). To assess whether this is the case, future research on 
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rehabilitant troops should, if possible, include these aspects of life history in their records 
and as covariates in their analyses. 
In cases of urgency, the removal of vervets from harmful or dangerous situations 
and relocation to a rehabilitation center should always be prioritized, even if life-history 
data can’t be collected. However, a lack of information on vervet life-history prevents 
rehabilitation centers from adjusting their protocols to fit the unique needs of the 
individual. Therefore, it would be beneficial to collect as much data on each animal’s 
life-history whenever possible so that proper differentiation in vervet rehabilitation can 
become standard protocol.  
During the rehabilitation period, vervets may benefit from raised feeding 
platforms to help diversify forest strata use and reduce dependency on ground foraging in 
the wild, as this may increase their predation risk. In addition, the use of predator-
awareness training is highly recommended, especially if wild-conspecifics have joined 
the troop, as it may improve predator identification, alarm call response, and predator 
avoidance strategies of the less experienced rehabilitants. Rehabilitation centers should 
also consider releasing the troop earlier in the rainy season. This would potentially allow 
more time for the troop to strengthen their foraging skills when resources are plentiful 
and before predators rely heavily on shared, permanent water sources. This was also 
recommended by Guy et al. (2011) and Wimberger et al. (2010), as food would be more 
abundant during the wet season and hopefully discourage congregation near 
supplementary feeding stations. Lastly, future studies should use highly specific 
ethograms that differentiate between a diverse array of behaviors when considering 
85 
behavioral diversity, to get an accurate representation of each individual’s behavioral 
repertoire.  
In conclusion, the troop’s mortality rate was comparable to that seen in other 
studies, but unlike some previously monitored releases the troop formed a stable 
dominance hierarchy, had strong group cohesion, engaged in appropriate species-specific 
behaviors, and displayed few stress-related behaviors. LWT’s extensive pre- and post-
release monitoring is unique among vervet release programs and provides vital insight 
into the troop’s social dynamics, behavioral repertories, and overall survival. Other 
rehabilitation centers should follow this strategy, since all newly monitored and reported 
releases will add valuable information to the development of more highly effective vervet 
monkey rehabilitation and release programs. 
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APPENDIX 1 
Figure A1 Using df beta to look at score residuals of each survival analysis covariate. 
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Table A1 Vervet monkey ethogram created by LWT including behavior code, description, and category 
CODE BEHAVIOUR DESCRIPTION Cat. 
1 G- Grooming –  Taking care of the fur of another individual, by pushing aside its fur and inspecting 
for foreign objects (dirt/insects). Also includes taking care of another animals’ teeth or skin 
(record other individual(s)+ record as duration behaviour for continuous) 
S
ocial 
2 G+ Getting groomed – The focal animal is groomed (as described above) by another individual 
(record other individual(s)+ record as duration behaviour for continuous) 
3 PR- Presenting – Presenting itself (either the body or hind quarters) to another primate. Inviting them 
for social contact, such as grooming or mounting (record other individual(s))  
4 PR+ Being presented – Being presented to by another individual (record other individual(s)) 
5 C Contact - Individuals touching in a non-aggressive way, such as nosing or cuddling, but not 
grooming or playing  (record other individual(s)) 
6 CL Clinging – Clinging to another individual while being carried, specifically for infants 
7 N Nursing young – Mother breast feeding an infant 
8 SU Suckling – Feeding from the mother, specifically for infants/juveniles 
9 PL Playing – All types of interactions between two or more animals using the relaxed open mouth 
play face (mouth is half or wide open, teeth are covered by lips or at least the upper incisors are 
showing) Interactions such as touch, pull, push, hit, chase, bite and hug (record other 
individual(s)+ record as duration behaviour for continuous)) 
10 MA Mating –  A male mounting a female, or a female is mounted by a male,with actual penetration. 
Often accompanied by a copulation call (record other individual) 
11 MO Mounting – The focal animal mounts another individual or is mounted by another individual. 
Either male/female without penetration, male/male  or female/female (record other individual) 
12 FE Feeding – The actual act of eating, food is touching the lips or is in the mouth in combination with 
chewing (list food type)  Feed 13 FO Foraging – Looking for food to eat. Includes turning rocks or other objects upside down and 




14 L Locomotion - Any movement to get from one place to another, such as walking running and 
jumping. In any direction possible direction on the ground, in the trees or on buildings. 
O
ther 
15 R Resting – Sitting or laying down without any activity, and low levels of awareness of the 
environment. The eyes may be open or closed, but generally the head is down. 
16 V Vigilance - Any level of observation or awareness of their environment. This includes sitting in a 
tree or on the ground, with head up eyes open looking. Not only for extreme vigilance 
17 PA Predator Avoidance – Any form of predator avoidance behaviour, this includes alarm calls or 
responding to alarms calls and hiding into the trees (record details on additional data sheet) 
18 O Other – Any other behaviour not defined in the descriptions of the behaviours mentioned 
(describe types of ‘other’ behaviour on data sheet)  
19 OS Out of Sight – The focal animal is partly or completely invisible, i.e. when behaviour could be 
missed because of lack of sight.  
20 A+ Aggression - Physical aggression with a (potentially) damaging action, including biting, slapping, 
grabbing and hair pulling. Usually occurs with mouth-open and teeth exposed  (record other 




21 A- Receive aggression - Receiving physical aggression (record other individual(s)+ record as point 
behaviour + outcome conflict for continuous) 
22 TH+ Threat: Non-physical aggression towards another individual, such as chasing with and open-
mouth facial expression and teeth exposed. Often accompanied by vocalisations. Also includes 
threatening other individuals (with raised eyebrows, mouth is open like an ‘o’, theeth are 
covered), head-bobbing (short movements with head and/or shoulders) towards other animals 
whilst staring, lunging, and display behaviours (shaking trees, bushes or other objects) (record 
other individual(s)+ record as point behaviour + outcome conflict for continuous) 
23 TH- Receive threat – Receiving threat as described above (record other individual(s) (record other 
individual(s)+ record as point behaviour + outcome conflict for continuous) 
24 MP+ Making place - Another animal moves away when the focal animal approaches (closer than 2m) 
or after being threatened by the focal animal (record other individual(s)+ record as point 
behaviour + outcome conflict for continuous) 
89
 
25 MP- Making place - Focal animal moves away when other animal approaches (closer than 2m) or 
after being threatened by the other animal (record other individual(s)+ record as point behaviour 
+ outcome conflict for continuous)
26 SC Scratching - A single scratch or repetitive movement of scratching the body with hand or feet 
(record as point behaviour for continuous) 
S
tress 
27 SG Self-Grooming - The focal animal grooms itself by pushing aside its fur and inspecting for foreign 
objects (dirt/insects). Includes taking care of its own skin, teeth and fur. 
(record as duration behaviour for continuous) 
28 YA Yawning - The focal animal yawns, opening mouth and showing teeth 
(record as point behaviour for continuous) 
29 SM Self mutilation – The focal animal exposes a (potentially) damaging action to its own body. This 
includes hair pulling, self-hitting or biting (record as duration behaviour for continuous) 
30 PC Pacing and other abnormal behaviour- Moving in a stereotyped pattern, unrelated to stimuli of the 
immediate environment. Including repetitive walking up and down (score when the animal walks 
back and forth at least twice), and other motor stereotypies (record as duration behaviour for 
continuous) 
31 PH Positive social (affiliative) behaviour towards humans. This includes coming to the fence to 
sit/stand next to the observer/other people around, lip-smacking towards people, or trying to 




 31 AH Agonistic behaviour towards humans. This includes all threatening behaviours described above 
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